Fluorescence polarization (FP) has become a powerful technique to quantitatively analyze the binding of a small soluble fluorescence-labeled probe to a larger soluble protein and its displacement by other molecules. Here, we describe a detailed protocol to identify small molecules capable of targeting p53-MDM2/MDMX interactions using a fluorescence polarization assay with Rhodamine-labeled p53 peptides.
7. Plate reader capable of FP measurements (e.g., SpectraMax M5 e (Molecular Devices)). 2. Prepare LB-agar plates containing 100 μg/ml ampicillin 3. Plate the cells on the agar plates using a sterile loop and incubate overnight at 37 °C.
Methods

Protein Preparations (see
4. Prepare liquid LB medium with 100 μg/ml ampicillin.
5. Using a sterile pipette tip, touch a single colony of bacteria from your agar plate. Inoculate the liquid LB by swirling the tip in it.
6. Incubate the culture in an orbital shaker at 250 rpm overnight (~12 h) at 37 °C.
7. Prepare 1L LB medium with 100 μg/ml ampicillin.
8. Inoculate the 1L LB medium with 5 ml of the overnight culture.
9. Grow the cultures in an orbital shaker, at 200 rpm and at 37°C until the OD 600 reaches about 0.6-
(after ~4 h) (see Note 2).
10. Add 1ml of 0.5 M IPTG (final concentration, 0.5 mM) to induce the cells.
Incubate induced cultures at 28 °C with orbital shaking at 200 rpm (see Note 2).
12. At 4-5 h after induction, centrifuge the cells at 6,000 g for 5 min at 4 °C.
13. Discard the supernatants, wash the pellets with 10 ml cold PBS by gently pipetting the cells, and then spin down at 6,000 g for 5 min.
14. Re-suspend the pellets in 50 ml PBS lysis buffer (freshly add 50 µl protease inhibitor cocktail solution and 200 µl of 1M DTT (final concentration, ~ 4 mM) to 50 ml of ice-cold PBS, pH 7.5, 10 % glycerol) (see Note 3). Vortex until the pellets are fully re-suspended. 15 . Incubate the suspension with lysozyme (50 µL of a solution of 100 mg/ml; final concentration, 100 µg/ml) on ice for 30 min.
16. Sonicate lysates on ice for 20 s and centrifuge at 10,000 g for 30 min at 4 °C.
17. Collect the supernatants. Take 10-100 µl of the supernatants to quantify protein expression by electrophoresis and brilliant coomassie blue staining.
18. Transfer 4ml 50% slurry of glutathione agarose beads to a 50-ml tube. Sediment the slurry by centrifugation at 400 g for 5 min. Aspirate the supernatants carefully and discard them.
19. Wash glutathione agarose beads by adding 20 ml of cold PBS, and separate the beads by centrifugation at 400 g for 5 min. Aspirate the supernatants carefully and discard. Repeat three times.
20. Add 50 ml of the cleared lysates to the beads and mix by gentle inversion.
21. Incubate the mixture for 2-3 h at 4 °C with gentle end-over-end rotation.
22. Pour the mixture into an empty Poly-Prep Chromatography column. Tap the column and allow the beads to settle.
23. Open the column outlet and collect the flow-through until the column completely drains. Take an aliquot (~20 μl) of the flow-through for analysis of nonbound proteins by electrophoresis and coomassie staining.
24. Close the column outlet and add 10 ml of cold PBS lysis buffer to the column. Incubate for 10 min with gentle end-over-end rotation (see Note 4) . Open the column outlet and allow the column to drain. Repeat at least five times (see Note 5) . Take some beads (~20 μl) for analysis by electrophoresis and coomassie staining (see Fig. 4 ).
Prepare the PreScission protease mix by adding 200 μl (400 U) of the PreScission protease to 5
ml of cold PBS lysis buffer.
26. Load the PreScission protease mixture onto the column, and incubate with gentle end-over-end rotation for ~12 h at 4 °C (see Note 6).
27. Open the column outlet and collect eluates, which contain non GST-tagged of purified MDM2 or MDMX proteins. The PreScission enzyme contains a GST tag, so it remains bound to the column.
28. Add 4ml PBS lysis buffer to the column and rotate for 10 min at 4 °C. Collect the eluates, which also contain purified MDM2 or MDMX proteins. Repeat five times. Save aliquots (~10 μl) of each elute for analysis by the Bradford assay, with subsequent electrophoresis analysis with coomassie staining (see Fig. 4 ).
29. Collect the elution and transfer it to a pre-cooled 50 ml ultrafiltration tube (Millipore-Amicon ultra), centrifuge at 2000 g until the protein concentration goes to 2 mg/ml (see Note 7). Save a small aliquot (~10 μl) for protein quantification by the Bradford assay, electrophoresis and coomassie staining using BSA as a standard.
30. Aliquot purified proteins into small volumes (~100 μl) and freeze them in liquid nitrogen or store them in a -80 °C freezer. The purified proteins are stable at -80 °C for several months.
Quantification of the concentration of MDM2 and MDMX proteins
1. Determine the total protein concentration using Nanodrop 2000c spectrophotometer (or other standard protein assays), according to the manufacturer's instructions. 10. Measure the fluorescence polarization using a SpectraMax plate reader.
11. Analyze the data according to Protocol 3.2.7.
Data Analysis
1. Transfer the Softmax Pro data to Microsoft Excel. 
Calculate the percent inhibition of each sample as follows:
Inhibitory activity is calculated as the mean FP value of negative controls minus the sample FP value divided by the mean FP value of negative controls minus the mean FP value of positive controls, multiplied by 100.
6. For each compound, percentage inhibitions were plotted against the compound concentration (see 6. The conditions for cleavage need to be optimized (e.g., amount of protein, time, and temperature).
7. Concentrate proteins to a concentration below 2 mg/ml because they may precipitate at higher concentrations. 14. For all solutions in the reaction plates, mix the reaction solution well using the pipette, or a pipetting system (e.g. Precission from BioTek Instruments, Inc.), or an orbital shaker at 500-700 rpm, or shaking in the plate reader to ensure homogeneity. 15 . Change the pipette tips or thoroughly rinse the tips if you are using a pipetting robot with permanent tips.
16. This preparation of plates for the FP assay involves systems that employ pipette tips. For systems that use the pintool device, the protocol described here needs to be adjusted accordingly. 17 . It takes about 10-15 mins to measure the fluorescent polarization of the entire plate depending on the plate readers. Consider intervals and arrange the time if you have more than one plate to measure.
18. The Z′ factor, indicating the quality of a FP assay, is expected to be higher than 0.7, based on negative (containing Rd-p53 peptides with MDMX or MDM2 proteins) and positive (containing Rd-p53 peptides only) controls (16 data points per positive and negative controls). If the Z′-factor is below 0.5, the plate has to be rescreened in order to increase the assay quality. The concentration of the probe and protein need to be optimized to improve the Z′-factor. 
Summary
Chromatin immunoprecipitation assay (ChIP) has been frequently used to determine whether a transcriptional regulator can bind to a specific DNA element in the chromatin content of cells. Here, we describe a detailed protocol for this assay with hand-on tips based on our own experience in working on the transcriptional regulator and tumor suppressor p53.
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Introduction
Although p53 can induce apoptosis in a transcription-independent fashion In 1991, p53 was identified as a transcriptional factor that was able to bind to a sequence-specific DNA promoter (12, 13) , and the consensus sequence of p53 response elements was resolved by in vitro assays one year later (14) . By using a global ChIP-sequencing assay, Wei et al recently refined the consensus sequence
with the pattern 5'-RRRC(A/T)(A/T)GYYY-3' (15). Although several studies
showed that p53 can also bind to some DNAs without the consensus sequence (16, 17) , the identification of p53 as a sequence-specific DNA-binding transcriptional factor is clearly a landmark in the p53 field, since most tumorassociated p53 mutations occur within the DNA-binding domain (18) and more than 150 p53 target genes including those encoding miRNAs have been reported thus far since the p21 and mdm2 genes were identified as the first batch of the p53 target genes (19) (20) (21) (22) (23) . In spite of the possibility that p53-DNA binding may be affected by other factors, like DNA structure and topology, defining the sequence-specific DNA elements that specifically interact with p53 in cells is critical for verifying bona fide target genes for this transcriptional factor.
It has been debating whether binding of p53 to chromatin DNA in cells is stress-induced or not. While the binding of p53 to the promoter sequences of its target genes was previously believed to require stress induction, later studies showed that p53 is able to bind the promoter DNA element of p21, mdm2, or pig3 genes in unstressed cells, though to a lesser extent, when compared to stressed cells (24, 25) . These findings reveal that although the inactive form of p53 in unstressed cells could bind to its target promoters, it is not sufficient to induce transcription of target genes. Considering that the procedures of cell culture and cell isolation could cause cellular stress, the basal level of the binding of inactive p53 to its promoter might be due to this type of artificial stress. Thus, to achieve a conclusive result for the definition of a new p53 responsive (p53RE) DNA element in vivo, it is recommended to induce p53 in cells with a specific stressor, such as treatment with 5-FU or actinomycin D, prior to conducting a ChIP assay as detailed below.
In this chapter, we will describe a hand-on protocol for conducting a ChIP assay with some tips gained from our own direct experience in studying the binding of p53 to its target promoters in cells. Although we will use p53 as a working model here, this protocol can be used for studying other p53 family members, such as p73 or p63, and other transcriptional factors as well. This protocol could also be used to identify new p53 target DNA elements. In the latter case, putative p53 responsive DNA elements in the promoter region of a putative target gene could be readily identified through bioinformatic analysis of human genome sequences. 
Methods
The following protocol is based on the previously described method (26) with some modifications according to our own experience (figure 1).
chromatin preparation
1. Culture sufficient cells (at least 10 7 cells per IP) with desired treatments (note 1).
2. Add 37% formaldehyde (30 µL/mL midia) directly into the plate with media.
Gently shake the plates at RT for 10 minutes (note 2). Transfer the cells to 1.5 mL tube. 
Pellet cells for 5 min at
Immunoprecipitation
For the first ChIP experiment, we strongly recommend that you setup both positive and negative controls for both antibodies and primer sets.
11. Take out 50 µL for the input (note 5).
12. Prepare DNA/protein A/G slurry (1:1 mixture of 10 g/L pre-sheared salmon sperm DNA and protein A/G).
13. The prepared chromatin was precleared with 50 µL DNA/protein A/G slurry on rotating platform for 30 min at 4°C.
14. Spin at 1500 g 4°C for 2 min, collect the supernatants to a new 1.5 mL tube (note 6). 4. Make sure to keep cell lysates cold. Optimizing the conditions for the sonication is crucial, for sonication efficiency varies depending on cell type.
Elution and reverse cross-links
Test the pulse duration, intensity, and time course to establish optimal conditions. Make sure to carry on the reverse-crosslinking after sonication and apply the DNA fragments to 2% agarose gel as shown in figure 2. Do not shear or sonicate DNA for too long, for long time sonication may result in disruption of nucleosome-DNA binding. The fragments shorter than 250 bp could be an indication for too long sonication. Choose the lowest power output that gives ideal fragmentation to avoid overheat. 11. The primers could be designed based on the p53RE DNA element within a target gene. The p53RE DNA element could be bioinformatically-predicted by p53MH program (27) . A good negative control could be the primers encompassing the 3 UTR-coding region of a target gene.
12. It is necessary to optimize the PCR cycle number, for too many cycles will amplify the non-specific DNA as immunoprecipitated with IgG; however, fewer cycles could not show the DNA pulled down by the p53 antibody used.
A titration of immunoprecipitated DNA is recommended to figure out the proper cycle number for a specific PCR reaction. 
Introduction
The p53 tumor suppressor protein cannot function alone. Instead, it needs to interact with multiple cellular proteins that serve to both enhance and repress p53 function (1,2) (see Table 1 ). Unlike transcriptional or translational regulation, these protein-protein interactions help provide a mechanism for instant regulation of the p53 molecule by either affecting its transactivation activity and/or protein stability, as discussed below.
Many protein-protein interactions play critical roles in p53 transactivation. For example, p53's amino (N)-terminal transactivation domain directly contacts basal transcription factors, such as TBP (3,4) and TAFII31 (5,6), as well as transcriptional co-activators such as p300/CBP (7,8) . Thus, the transcrip-tional machinery is recruited to promoters to which p53 is bound. Other proteins can further stimulate p53's transcriptional activity in response to certain cell stress stimuli. The redox-sensitive protein Ref-1 binds to p53 and activates its DNA binding and transactivation function in response to redox stress (9). Several kinases also form stable interactions with p53, resulting in phosphorylation and activation. For example, the homeodomain interacting protein kinase-2 (HIPK2) has been recently shown to bind and phosphorylate p53 at Ser46 after high doses of ultraviolet (UV) light, resulting in induction of p53-dependent apoptosis (10,11). Protein stability of p53 is also tightly regulated by protein-protein interactions. Most importantly, the oncoprotein MDM2 binds to the N-terminal domain of p53 (12) and negatively regulates its stability. MDM2 is a RING-finger containing E3-ubiquitin ligase that ubiquinates lysine residues on p53's carboxy (C) terminus, thus targeting p53 to the proteosome for degradation (13,14) . The functional link between these proteins is clearly shown by knock-out mouse models, in which MDM2 homozygous null mice are embryonic lethal, though double-knock-out MDM2-p53 mice survive (15). This striking finding indicates that without MDM2 to keep the p53 protein in check, the organism cannot survive p53's growth suppressive effects. Importantly, the MDM2-p53 interaction is also regulated by cell stress stimuli. For example, UV and irradiation can activate kinases that phosphorylate p53 on serine residues within the MDM2-binding domain, thereby preventing MDM2 from binding (16-21).
As suggested by the above examples, p53 protein-protein interactions are often regulated by cellular stress signals. Thus, it is important, when studying a particular p53-interacting protein, to keep in mind that the interaction may be very stress-specific and that optimization of binding conditions is required. This will include testing several cellular stress agents and performing time courses to determine when maximal binding occurs posttreatment.
In this chapter, we describe two commonly used methods for studying p53 protein-protein interactions: (i) glutathione-S-transferase (GST) pull-down assays to study interactions in vitro and co-immunoprecipitations (Co-IPs) reactions to study interactions in cells. Briefly, the GST pull-down assay uses recombinant p53 fused to the GST protein, which can then bind to glutathione coupled to agarose beads. Mixing GST-p53 with a recombinant protein of interest to test for binding or with cell lysates to pull out novel p53-interacting proteins is then done. On the other hand, co-IPs use p53-specific antibodies coupled to protein A or G Sepharose to pull-down p53 from cell lysates. If a known protein is being tested for p53 binding activity, then the co-IPs can be visualized by running on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) followed by Western blot analysis. Alternatively, to identify novel p53-interacting proteins, the SDS-PAGE gel can be stained with silver solution for example, followed by cutting out the novel protein bands and subjecting them to protein sequencing. 
GST Protein-Protein Association Assay
The following protocol is adapted from refs. 54 and 55, with some modifications (Fig. 1). 3.1.1. Purify GST-Fusion Proteins 1. Inoculate 5-mL starter cultures from single colonies of GST-fusion protein and GST-0 (control GST empty vector) constructs. Grow overnight with shaking at 37°C. 2. Add starter cultures to 500 mL of LB broth and incubate with shaking at 37°C until OD 600 is between 0.6-0.8. Then add 500 μL 0.4 M IPTG to the cultures (final is 0.4 mM), and incubate for an additional 2-6 h. 3. Centrifuge cultures for 15 min at 5000g. 4. Resuspend cell pellets in 25 mL GST-lysis buffer. 5. Lyse cells by passage 2× through a French Press (see Note 1). Centrifuge lysates for 20 min at 30,000g to pellet insoluble fraction. 6. Incubate supernatents with 1 mL glutathione-agarose beads 50% slurry (500 μL bead bed vol) for 5 min at room temperature. 7. Centrifuge for 1 min at 1000g in swinging bucket rotor to pellet agarose beads. 8. Wash beads 3× with the following buffers: (i) 25 mL GST-lysis buffer; (ii) 25 mL GST-lysis plus 500 mM NaCl; and (iii) 25 mL GST-lysis buffer. During each wash, incubate with rotation at room temperature for 5 min, followed by centrifugation for 1 min at 1000g. 9. Check protein expression and purity on SDS-PAGE with Coomassie® brilliant blue staining. Compare the levels of GST-fusion and GST-0 proteins on the stained gel, such that equal amounts are used in the pull-down assay. In addition, these proteins can be run alongside bovine serum albumin (BSA) as a protein standard in order to determine the protein concentration of the GST-fusion protein. Titrate BSA in a range between 100 ng to 2 μg.
In Vitro GST-Fusion Protein Pull-Down Assay
This protocol calls for one protein to be immobilized on glutathione-agarose beads, for example GST-p53, and another protein, for example a candidate p53-binding protein, to be expressed in a soluble form. The soluble protein can be either in vitro translated (Transcription and translation [TNT]-coupled reticulocyte lysate system; Promega, Madison, WI, USA; cat. no. L4610) with 35 S methione (NEN® Life Science Products, Boston, MA, USA; cat no. NEG 709-A), purified by one of several established methods (6X histidine-tagged pro-
Immunoprecipitation
When dealing with an uncharacterized p53 binding protein, it is important to test several antibodies for immunoprecipitation (IP) because: (i) the antibody may interfere with the protein-protein interaction; and (ii) the p53 posttranslational modifications, such as acetylation and phophorylation, may negatively affect the antibody's ability to bind. See Note 5 for information on p53 antibodies. For example, the PAb 421 epitope maps to amino acids 371-380, which is a region that is modified by acetylation, phosphorylation, and ubiquination in cells after various stress-inducing agents. Though this antibody works well for IP, it may only recognize a subset of p53 molecules in the cell that are unmodified in this region. PAb 246 recognizes p53 in a wild-type conformation. This antibody also works well for IP, though it may be possible that some p53-interacting proteins may affect p53 conformation, such that this antibody no longer recognizes it. The epitope for PAb 1801 is in the N terminal of p53, amino acids 46-55. Similar to PAb 421, this region is also posttranslationally modified after p53-activating agents. Refer to Fig. 1 for the stepwise procedure.
Prepare Cell Lysate
1. Aspirate the medium from the cultured cell plate and wash the cells 2× with cold 1X PBS. Finally, add cold 1X PBS to each plate. 2. Scrape the cells from the plate using a plastic policeman. Transfer the suspensions to 15-mL tubes by pipet, followed by rewashing the plate with cold 1X PBS to both clean the policeman and to collect leftover cells in the plates. Collection tubes should be stuck deeply into the ice during the procedure. 
